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Abstract 
The high variability of customer expectations results in the complexity of product development and manufacturing processes, 
which exists obviously in all types of production systems. One of these production systems with a high level of complexity, is 
single-item production, which is addressed in this paper. The preparation process in single-item production is usually wasteful and 
complicated. The question is: how can a product be produced most efficiently in the single-item production process. 
Recently, due to the increasing application of variant-oriented product modelling, the efficiency of preparation processes has been 
increased. But deficiency of harmonisation between design and production structures limits the automation of the preparation and 
planning process after the design process. In this paper, we introduce an approach to restructure the production processes and also 
harmonise the design and production structures in single-item production system. Due to this structure, a parts list has been adapted. 
This adaptation promotes the automation of the preparation and planning process. To achieve this goal, ERP (Enterprise Resource 
Planning) and PDM (Product Data Management) systems should not only be configured but also interconnected on the base of this 
introduced method. As a result, we put forward an integrated model to minimize circle times in single-item production. 
 
© 2016 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the Changeable, Agile, Reconfigurable & Virtual Production Conference. 
 Keywords: Single-item production;  Feature technology, Variant-oriented design, Reference structure model, Preparation process
1. Introduction 
In recent years the construction and application of modular and 
variant-oriented product development in various industrial 
sectors has increased enormously. By standardizing and 
unifying of parts and assemblies in product development it is 
often tried to reduce the complexity through the reduction of 
internal variants and diversity. In literature this method is 
conceived as variant management [1] . Variant based product 
development has specially shown a big advantage in series and 
mass production such as automotive industry. In single-item 
production systems compared to series production, the 
planning and preparation process obviously plays a major role. 
Therefor the application of modular product development 
cannot be considered isolated only at design and construction 
level. Due to the high portion of customer individualization, 
standardization poses a major challenge in single-item 
production.  
To optimize the planning and preparation process in this type 
of production it is also necessary to eliminate many manual 
adjustment and adaption activities in the preparation process. 
Deficiency of high standardization and harmonisation between 
design and production structures limits the optimization and in 
the next step automation of the preparation and planning 
process after the construction process. Thus it confines the 
agility of the production system. Unification and 
harmonization of construction, planning and production 
structure is a strong requirement to optimize the preparation 
process. This paper introduces an approach to standardize the 
structures in the single-item production system without 
restricting flexibility. To achieve this goal, a reference structure 
model is defined, which is based on Architecture of Product 
Family (APF). In the next step the production, construction and 
planning process is adjusted on basis of this reference structure. 
This methodology is developed on basis of a real case study on 
the production of containers, reservoir and other chemical 
equipment and can also be applied generally in similar 
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metalwork sectors or with some adaption in many other sectors 
of single-item and small batch production.   
2. State of the art  
2.1. Modularity System 
Since Rogers and Bottaci have introduced the concept of 
modular production system at the end of the nineties [2], other 
scientists have expanded the concept of modular and variant-
oriented product development in various fields. For instance, 
Buck has shown the potential of a  modular-based product 
engineering for optimizing design processes [3]. He has 
focused his work on machinery and plant engineering and 
demonstrated that it is possible to configure varied machineries 
by modularization and reuse of mechatronic components. This 
supports the automation of the generation of technical 
documents. The classification, standardization and 
modularization of components and assemblies can be used in 
single item and small batch production accurately as in mass 
production. Another big advantage of using modular systems 
in single item production is that it can support a seamless 
system and process integration [4]. Besides all these 
advantages, the restriction of flexibility counts as an open 
criticism of modular and variant-oriented product 
development. On one side companies should be more flexible 
and customer-oriented in order to increase their 
competitiveness, on the other side this contradicts with the high 
level of standardized and classified production systems [5]. 
This is a reason why modular product development has been 
applied, in recent years in the mass production, like automotive 
industry, more frequently than single item and small batch 
production [6].Due to this contradiction, Ehrlenspiel, Kiewert 
and Lindemann introduce a 20/80% rule as a solution to meet 
the flexibility in production systems with a high level of 
standardization and modularization [7]. According to their 
view, up to 20% of each project could be individually designed 
and adapted. This approach is used in this paper as basis to 
develop a modular system for single-item production. 
2.2. Structure harmonization in production systems 
The first step to automate the preparation process is to build a 
unitary structure between design and production level in the 
production system. Usually the product or construction 
structure has been used to create a product configurator and 
standardize the construction process [8]. Actually the 
construction structure can be defined for a product family. On 
this base, Dui, Jiao and Tseng describe the structure in product 
family as APF (Architecture of Product Family) concept [9]. 
Parallel with this, Hooshmand, Köhler and Korff-Krumm 
introduce a common organization structure model in the 
different levels of production system as reference structure 
model [10]. In their view, the manufacturing processes, 
construction and other organizational functions should be also 
standardized and classified in the same structure as 
modularized products. This structure should be configured in 
the corresponding IT landscape and dominated throughout the 
company. Schloter has tried to use modularization in product 
development for the standardization of other business 
processes such as sales process [11]. Schuh and Lingnau have 
also shown, that a modular and variant-based product 
development has very positive effects on accuracy of 
production planning and can support the harmonisation of 
organisation architecture due to the increase of the repetition 
effect and information utilization degree [12] [13].  
2.3. Feature technology 
A feature-based design is described as construction of objects 
that consist of geometric and semantic content [14]. The 
features can be described by three classes of attributes. Data 
attributes contain static information. Rule or method attributes 
define a specific behaviour of the feature. Relation attributes 
define interdependencies between semantic features or contain 
a relation to form features [15]. The geometric proportion 
describes the geometric expression and the semantic content 
includes non-geometric information, such as information on 
structures or technological data [14]. In other words, feature 
technology depicts a kind of knowledge systems in 
construction. The Form (shape) and design features are the 
most known form of features that are used for the acceleration 
of the construction process and the application of repeated 
components and assemblies [16]. Manufacturing, assembly and 
inspection features are other kind of features, which can 
optimize the construction and planning process [17]. Feature 
technology can also be applied to unify the structures in 
construction, planning and production [4] and it is a new aspect 
of feature based modeling. It should be noted, that each feature 
has a different type of mapping [18]. An effective use of feature 
technology needs an appropriate IT architecture and system 
integration. Normally the form and design features are 
configured in Product Data Management (PDM) systems but 
some other feature like production relevant features may not be 
necessarily configured in a PDM System. Generally 
considered, the weight of the PDM system is significantly 
higher in the IT-architecture of single-item and small batch 
production than in mass production [19] [20].    
3. Methodology 
3.1. Reason  
In the state of the art, some solutions have been introduced that 
can be a part of the current solution to optimize the preparation 
process.  
Inasmuch as the  most solutions are developed on the basis of 
mass production, the demand for an integrated and holistic 
approach for single-item production is noticeable. This 
required approach should support the optimizing and 
automation of preparation process parallel with application of 
modular and variant-oriented product development in single-
item production so that the flexibility and customer 
individuality is maintained. Therefor this new approach is an 
extended, combined and application-oriented tool for single-
item production. To achieve this, in the first step, the APF 
concept of Dui, Jiao and Tseng has been integrated with the 
reference structure concept of Hooshmand, Köhler and Korff-
Krumm and this integrated model has been adapted based on a 
modular design system. Furthermore, the extension of the 
reference structure model through the integration of flexible 
and customer individual components make this methodology 
suitable for single-item production systems. The innovation of 
this approach compared to the state of the art can be described 
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in following points: 
- Development of a reference structure model based on 
APF concept, modular design and production 
restriction 
- Integration of customer individual components in the 
reference structure to keep the flexibility in single-
item production 
- Structuring the production processes and 
harmonization of the production system based on the 
reference structure model 
- Application of feature technology to standardize and 
establish the reference structure model in the design 
phase and furthermore, to automate the production 
preparation process   
- Present a holistic approach for optimizing the 
preparation and production planning process  
3.2. Development of a reference structure model 
To harmonize the product development, planning and 
production structure in a production system, it is necessary to 
define a common structure model. In this paper this common 
structure is developed on basis of Hooshmand’s, Köhler’s and 
Korff-Krumm’s concept and called reference structure model.  
To define the reference structure model restrictions in product 
development and in manufacturing and planning are considered 
simultaneously. To standardize and support the new reference 
structure a modular system and Feature technology should be 
used. The first step to develop the modular system is 
establishing the product spectrum.  The product spectrum has 
two aspects. The first one that is not related to this article is an 
external aspect of the product-spectrum, which can be referred 
to as product portfolio, and normally describes the sell 
products. The second aspect is the internal definition of the 
product category and describes the product family. 
A product family is a grouping of products which have 
similarities in resource usage, design, manufacturing process 
and facilitates planning in aggregate level [21]. A product 
family cannot be a part of a standard, model, option class, or 
planning bill of material. Consequently, a product family is a 
single level bill. Members of a product family can belong to 
one and only one product family. It is also possible to plan 
based on the planning percentages and effectivity of the 
product family members [21]. According to the definition of 
product families, the product or module variants should be 
established in each product family. For the definition of 
product variants in a product family the technical and 
production-related traits are to be respected. The APF concept 
is another outcome of product family. In the single-item 
production, the products can be configured with support of 
variant-oriented assemblies and components on the basis of the 
APF (Fig. 1). Although, the products should have the capability 
of customer individual customizing and assembling in some 
levels of their APF. This extension makes the application of 
APF also possible in single-item production. In this approach 
APF has been also used as basis to develop the reference 
structure model and harmonize the structure in all levels of the 
production system.     
 
 
Fig. 1. Determination of the architecture of the product family 
3.3. Feature technology to support the modularity system 
Feature technology can be used to establish and standardize the 
reference structure model in all planes of the production system 
after determination of APF in the product family. To 
standardise the reference structure model and develop a 
variant-oriented product design, the form and design feature, 
manufacturing feature and assembly feature should be used. 
The form feature is defined by analytics surfaces such as 
planes, cylinders and so on, or in high level holes, ribs, slots, or 
blending. These features have become popular in mechanical 
engineering and are now accessible in most of CAD software 
[22]. Design feature is defined as a set of interacting geometric 
entities, which are critical to realize the required primitive 
product function [15]. The form feature is applied to save the 
geometrical assemblies and components in variant database 
(Fig. 2). The standardized assemblies and components can be 
saved in principle both only with their form and geometry, 
independent from their dimension through parametric 
construction. This depends admittedly on the branch of 
industry and kind of product family. The concept of form 
feature is an old approach to construct a variant-based design 
system. Therefor it is not considered in detail in this work. The 
main focus of this work is on manufacturing and assembly 
feature. Manufacturing feature as well as assembly feature are 
used for establishing the reference structure model and 
supporting the automation of preparation process. 
Manufacturing feature is defined as a collection of related 
geometric elements which correspond to a particular 
manufacturing method or process [23]. The assignment 
between manufacturing features and knowledge is realised 
through this manufacturing process model. Manufacturing 
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feature plays a significant role to automate the creation of the 
work plan. Due to the structural harmonization in the 
production system, the process mapping logic is provided on 
the basis of the reference structure model in the product family 
(Fig. 2). The manufacturing features can be configured in the 
PDM or ERP system. However, it should be possible to assign 
the components and assemblies as required manually to other 
processes. An assembly feature assign various form features of 
different work pieces and describes the assembly and the 
necessary assembly steps of a component. This includes the 
presentation of the installation conditions and the joining 
process [16]. In this approach the assembly feature is 
responsible to standardise and establish the APF as 
construction structure. To achieve this goal, the APF should be 
configured in the PDM system through assembly feature as 
product family configurator (Fig. 2).  
 
 
 
Fig. 2. Form, assembly and manufacturing features 
3.4. Structure harmonization in a production system based on 
the reference structure model 
The structure harmonization in single-item production systems 
is realized through the standardization of product development 
based on APF and the setup the planning and production 
structure based on the reference structure model. After 
standardization of APF as construction structure through 
assembly-feature, the costumer individual components can be 
also constructed and integrated in the pre-planned position of 
APF. Thus it is assured that the reference structure model is 
observed in the construction phase. After the setup of the 
production process and logistic flow based on reference 
structure model and the configuration of production planning, 
the reference structure model is standardized in all levels of the 
production system. In other words, the construction, production 
planning and process flow in production will be shaped on the 
basis of the same structure and the production system will be 
structural harmonized. Based on this common structure, the 
production processes are standardized and depending on 
personalized components of the product, the sub-processes are 
developed and integrated into standard processes. Therefor in 
a single-item production system, it is always necessary to have 
some flexible production processes and work stations in the 
standard expiration to enable the production of new customer 
individual assemblies and components. This work stations are 
called conventional work stations (Fig. 3). Through this 
methodology, the products are designed and produced 
individually defying a standardized structure and procedure. 
 
 
 
Fig. 3. Adjusting the production structure based on  the reference structure 
model 
3.5. Creation of the part list 
As mentioned in the previous section, unifying the construction 
and manufacturing structure can accelerate the preparation and 
planning process enormously. The integrated construction parts 
list (BOM, Bill Of Material) and production parts list (MBOM, 
Manufacturing Bill Of Material) is the product of the structure 
harmonisation in the production system. This reference parts 
list also corresponds with the reference structure model, which 
has the same structure as production. As mentioned, the 
application of manufacturing features assigns all components 
and assemblies to the related production stations. The three 
described features in the constructions and preparations phase, 
enable the integration of parts lists and work plans and 
automate the creation of these documents in single-item 
production systems. The process and set-up time can be filled 
manually at the first step and probably automatically in future 
through time-features. The time-feature is not noted in this 
work. This approach allows to use the reference parts list for 
the procurement, planning and production at the same time. 
The form and content of the parts list should be defined based 
on the requirements in engineering, procurement and 
manufacturing. It is also necessary, that the parts list is able to 
accept virtual components (such as link elements, gas, oil, etc.). 
Due to the critical role of the parts list, it is also required to be 
created, managed and revised only in the PDM system. Ideally, 
the parts list should be created only in an automated form of a 
3D model. This systematic guarantees the correspondence of 
the parts list to the current drawing. 
100   Farhang Akhavei et al. /  Procedia CIRP  52 ( 2016 )  96 – 101 
3.6. System architecture 
Modern product development systems (PDM) provide 
constructor extensive design possibilities in product 
development. Feature technology also enables effective 
establishment and operation of variant-oriented design in PDM 
systems. An effective use of the PDM system is highly 
dependent on the system configuration. The introduced 
features have to be configured in software landscape. In our 
approach, the form- and assembly-features should be 
composited in a PDM system. The parts list is created in a PDM 
system too. On the other side the structure of production 
planning, controlling, cost accounting and production data 
acquisition should be adapted in an ERP system based on the 
reference structure model. Normally the information about the 
production process and work stations are saved and 
administrated in the ERP system. Therefor it would be suitable 
to configure and apply the manufacturing feature in the ERP 
system. Due to the very costly ERP configuration in our special 
case study, we have also constructed the manufactory feature 
in the PDM system. In this case it is very important to designate 
and format the production process and work stations 
designation exactly in the same way as the ERP System. 
Otherwise the work plan cannot be identified in the production 
planning module of the ERP system. In our case, the process 
times are filled in work flow manually after transferring the 
parts list in the ERP system.  
4. Case study 
The described approach is realized in a real company to 
manufacture containers and reservoirs. Usually, the definition 
of the initial product specification is the first step in a new 
project. In this phase the technical specifications are 
determined customer individually and the specifications are 
made ready for construction phase. This paper doesn’t consider 
the initial product system.  In construction, at the first step the 
resulting APF is defined and standardized as product 
configurator through assembly feature. The standardized 
assemblies and components have been also saved through the 
form feature in the variant databank. In this case, it was 
required to save the assemblies and components only with their 
forms and independent of their dimensions to keep the 
flexibility in the design and production of containers. Their 
dimensions are defined parametric (Fig. 5). Due to the 
adjustment of the production system from a full conventional 
form and a manually construction based on 2D to the new 
system based on the described approach, the improvement was 
considerably. In the first step the construction and preparation 
time for a comparable project was reduced by about 35% (from 
8,5 hours to 5,5 hours) as the result of the application of the 
variant-oriented design. Due to repeat effect in construction is 
expected also more improvement in future. This result has been 
measured based on the average time of 5 comparable projects 
before and after the application of this approach by two 
constructors. In this case the application of product 
configurator and form-features reduced the average 
construction time from 5 hours to 4 hours and due to the 
automatic creation of the parts list in a suitable structure and 
the application of manufacturing-feature the preparation and 
planning time has been also reduced from 3,5 hours to 1,5 hours 
(Table 1). 
Table 1. Improvement Construction and preparation time 
 
 Before  After Optimization 
Construction time 5 hours 4 hours 20% 
57% Preparation time 3,5 hours 1,5 hours 
 
In this case study, “Inventor” construction system and “Vault” 
PDM system have been applied to run this approach. The form, 
assembly and manufacturing features are configured in “Vault” 
(Fig. 5). Through this approach, the reference parts list is 
created automatically after the construction with the suitable 
structure for planning and production. After importing the parts 
list (Fig. 4) in the ERP system, only the process times must be 
filled in and after that the parts list can be used for production 
planning without any adjustment. Due to the suitable structure 
of the reference parts list, the specific parts list and the drawing 
for every work station is also created automatically. The 
interesting side effect of this approach has been showed in 
production. Due to the standardization of the process flow and 
work stations in the production, the production process became 
more efficient and the production can be planned more 
accurate. The productions order can be also paralleled and the 
production data acquisition became much more precise. This 
situation also supports a more accurate cost estimation for new 
projects. After running the approach, the average cycle time in 
production is reduced by approximately 23%. Additionally, the 
new production structure prepares an optimal base to improve 
the work station and logistic flow continuously (Table 2). 
 
Table 2. Improvement of production cycle time 
 
 Before  After Optimization 
Production cycle time  15 days 11.3 days 23% 
 
1
1.1
1.2
1.3
1.4
1.5
1.2.1
1.2.2
1.2.3
1.2.4
1.6
1.2.5
Customer
individually 
Customer
individually 
 
Fig. 4. Structure of the reference parts list 
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Fig. 5. Configuration in the “Vault” PDM System 
5. Conclusion  
In this paper we introduced a new approach to reduce the total 
time of preparation and planning process through harmonizing 
the structure of the single-item production system.  After the 
application of the new system, many manual adjustment and 
adaption activities in the preparation process, like the 
adjustment of the parts list, the preparation of the production 
parts list (MBOM), the process flow planning and the adaption 
of the work plan, have been eliminated. Though the 
determination of the process time in production planning is yet 
the costliest part of the preparation process. Therefore, the next 
step is to automate the process time determination.  
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